This study was conducted to examine the effects of egg shell membrane hydrolysates (ESMH) on skin whitening, wound healing, and UV-protection. ESMH was divided into three groups by molecular weight (Fraction I: above 10 kDa of ESMH, Fraction II: 3 kDa-10 kDa of ESMH, Fraction III: below 3 kDa of ESMH). As a result, all of ESMHs showed over 90% of protein contents. The wound healing experiment using HaCaT cells showed that the fraction I was slightly superior to other fractions depending on the concentration though it was not significantly different. In the experiments of inhibition of tyrosinase and L-3,4-dihydroxyphenylalanine (L-DOPA) oxidation to verify the L-DOPA whitening effect, the whole ESMH (before fractioning) showed a similar amount of inhibition effect with arbutin (control). In the inhibition of melanin formation in B16-F1 melanoma cells, the fraction I showed a high inhibitory effect. In the experiment for protecting the skin from ultraviolet rays using HaCaT cells, all the fractions showed a higher rate of cell viability than the control. In conclusion, this study confirmed that the cosmetic effects of ESMHs such as skin whitening, wound healing, and UV-protection, which were divided depending on the molecule weight. We could confirm that the possibility of ESMHs as a material for functional cosmetics.
Introduction
Skin color is affected by melanin produced by melanin cells, hemoglobin present in blood vessels, the amount and spread of carotene in the skin, the thickness of the skin and the amount of blood present. The skin experiences an endless number of changes, with aging being the most prominent change. Skin aging is commonly divided into either internal or external aging. The internal aging is primarily affected by genetic factor and the external aging is affected by UV light, stress and pollution (Kang, 1997) . In order to prevent the three main factors causing skin aging, such as UV light, oxidization and drying, many cosmetic products are being developed with a focus on preventing damage by UV light, promoting better blood circulation, maintaining moisture and preventing harmful oxidation of skin cell. Whitening, anti-wrinkle and UV light protection products are some of the example products made to prevent the process of aging.
A person's skin color is determined by the level of melanin, but other factors, such as UV light exposure, specific hormones and inflammatory agents resulting in overproduction of melanin which stays in the body without being properly removed through the skin can affect the color of the skin as well (Pawelek and Korner, 1982) . Research is currently underway to suppress such melanin production and to study about arbutin, which inhibits tyrosinase in melanin synthesis, and vitamin C, which suppresses melanin production (Yada et al., 1991) . There are also a high number of studies being conducted on the functional cosmetic products including whitening products, which are able to prevent skin aging. It is known that skin aging is due to UV light, environmental factors and stress. On the other hand, skin moisture, UV-protection and skin elasticity are good factors to delay skin aging (Nakagawa et al., 2011) . Studies are being conducted on ways to increase moisturization (Held et al., 1999) , better protect the skin against UV light (Gonzaga, 2009) , increase the recovery rate of the skin from UV light damage (Oikarinen et al., 1985) and increase blood circulation and skin cell proliferation (Matsumoto et al., Retinol and (-) epi gallocathechin-3-gallate (EGCG) are known to prevent collagen from being broken down under the influence of denatured MMP proteins, which is a consequence of UV light exposure, and from the skin aging caused by the accumulation of denatured collagen. Such compounds have been used in increasing cell activity and collagen storage (Karna et al., 2011) . With the recent attention to UV light skin damage due to the increased destruction of the ozone layer, there has been an increase in the use of cosmetic products with the function of UV light protection (Gonzaga, 2009) . Recently, the consumers demand for cosmetic products using natural ingredients, more research has been done on developing organic cosmetic products that have whitening or skin recovery properties (Park et al., 1993) .
The eggs are consumed and the egg shell membranes are used for animal feed or discarded with the egg shells. However, the main compound of egg shell membrane (ESM), an amino acid, has excellent characteristics in maintaining the moisture and elasticity of the skin and shows a similar structure of amino acid that composes collagen and elastin in the skin. Utilization of the ESM may be a new valuable material of cosmetics for the whitening and wrinkle care with the emphasis on its function of controlling aging, wrinkles and skin damage from ultraviolet rays. Egg shell membrane, an organic substance, is known to increase cellular activity, increase collagen production, slow down skin aging and reduce the detrimental effects of damage from UV light and inflammation (Candilish et al., 1969) .
According to the data by Korean Statistical Information Service (KOSIS, 2011) , approximately 150 million of eggs were produced in 2011 in Korea. While the albumen and egg yolk are being used for food, the egg shells, which have the ability to block bacteria while allowing oxygen to pass through, are being discarded as waste. The egg is made of shell, albumen and yolk. The egg shell membrane exists between the shell and the albumen. The egg shell membrane is either present as two layers, outer and inner, or as a web without a specific pattern. The outer and inner layers of the egg are made up of fibrous protein keratin of 50 µm and 20 µm thickness, respectively, and the egg shell membrane is made up of 70% organic compounds, 10% inorganic compounds, and 20% water. Furthermore, among the organic compounds, 80% is made up of proteins, followed by 2.3% lipid and 3.4% carbohydrates (Arias et al., 1991; Okubo et al., 1997) . Egg shell membranes are made of the insoluble protein keratin and are known to be quite resistant to physical, chemical and biological reactions, as in cases with feathers, hair, horns, scales and nails (Vignardet et al., 2001) . Daniel et al. (2008) found that ESM are potential ingredients for the cosmetic effects such as moisturization, wound recovery, skin growth and reducing wrinkles. However, since the egg shell membrane does not readily break down by enzymes such as trypsin and pepsin, in order to make it become soluble, the compound has to be oxidized or reduced to decrease its insolubility, then the fragmented proteins must be divided using pepsin (Xiang et al., 1992) .
In this study, egg shell membranes were fragmented as whole ESMH (before fractioning), fraction I (above 10 kDa of ESMH), fraction II (3-10 kDa of ESMH) and fraction III (below 3 kDa of ESMH), then checked for molecular mass and protein content using Urea-PAGE. The functional properties of an individual fragment for cosmetic use were assessed with the changes in the HaCaT cells, which is an epithelial cell, over time. Whitening effects, the inhibition of tyrosinase, the inhibition of the oxidization of L-DOPA and the inhibition of melanin production in the B16-F1 melanoma cells, which produce melanin, were then tested. The UV-protection effect of ESMHs was also conducted in this study.
Materials and Methods
Egg shell membrane hydrolysates Egg shell membrane hydrolysates manufacture ESMH manufacture was slightly modified by the method of Morimura et al. (2002) . The egg shell membrane used in this study was provided by Sungkyun Biotech Co., Ltd. The 100 g of dried egg shell membranes were added to 1100 mL of distilled water, 2 N NaOH and 40% EtOH before being kept at 70 o C for 2 h for the reactions. After the reactions, 99% acetic acid was added for neutralization (pH 7.0) and 40 g of the activated carbon was added for decolorization for 20 min. The extract ran through Whatman filter No.1 and desalinated with Micro acilyzer G3. It was then evaporated and freeze dried (FD 3, Heto, Gydevang, Denmark).
Membrane cutting
The ESMHs filtered by ultra-filtration membranes (Milipore-Amicon Series 8000 Stirred Cells, EMD Millipore Corp., USA) were divided into four fragments: whole ESMH, fraction I, II, and III. The molecular mass of the fragments were determined by using Urea poly-
